Results
When there is a single operation, the reinnervation commences after about 2 1/2 months, but this time varies from frog to frog. In some experiments of 2 1/2 months, the advanced stages of re-formation of axonal endings were observed, whereas, in others of three months, the Schwann cell was observed still covering the post-synaptic membrane at a large number of synaptic sites. Moreover, the process of re-formation of junctions lasts a long time and various stages can be observed during the course of the same experiment. The re-formation of end plates near the nerve entrance takes place earlier than in the distal regions. Con sidering all these factors, it is difficult to follow the re-formation of end-plates in the chronological order of the experiments. Thus, the following description is of changes occurring before and during the re-formation of motor end-plates with out taking into account the chronological sequence of experiments .
As has been described in the precedent publication , that during early in the third month after denervation, the Schwann cell develops clefts and the post-synaptic folds exhibit furrows. The beginning of the reinnervation is marked by the retraction of the Schwann cell from the synaptic gutter ( Fig. 1) . At this stage, the sub-synaptic sarcoplasm is observed to be very rich in mitochondria , microtubules, ribosomes, Golgi bodies and glycogen. It is at this time that the small furrows in the post synaptic membrane disappear.
Presumably the re-formation of sub-neural fila ments takes place at this time. They are observed in abundance beneath the synaptic folds (Fig. 2) . It seems that the active sub-synaptic sarcoplasm helps to rearrange the post-synaptic membrane.
These changes at the level of the post-synaptic mem brane are preparatory to the re-formation of end-plates .
The post-synaptic membrane is not bare for long. The vesicle filled terminal boutons encircled by Schwann cell processes or fingers are in its vicinity at this stage (Fig. 3) . It has been observed that the vesicles of these boutons are very sensitive to fixatives and are badly preserved or that only the surrounding membrane without the vesicles is observed in some sections. The next step in the formation of the synapse is that the Schwann cell fingers are withdrawn and the axon terminal comes into contact with the post-synaptic membrane, only the basal lamina being inter posed between the two (Fig. 4) . at very few end-plate sites are junctional folds able to survive . Thus, only in these cases are the sites for the re-formation of neuromuscular junctions predetermined . The process of re-formation here is similar to that described above . The Schwann cell is withdrawn from the post-synaptic membrane and the vesicle filled terminal bouton arrives (Fig. 5 ). The rearrangement of the post -synaptic membrane takes place in the same manner. The subneural filaments are in abundance (Fig . 5) .
At the level of most of the end-plates where junctional folds are lost , there is no means of knowing whether the new junctions are formed at the old sites or whether the nerve is capable of forming the junctions at other places . In such cases, the sarcoplasmic membrane undergoes specialization and is more electron opaque than at non-specialized sites. It shows small elevations on its surface (Fig . 6) . The sarcoplasm underneath such specialized areas is very rich in mitochondria , ribo somes, glycogen particles and filaments (Figs . 6, 7) . The vesicle filled terminal boutons are not very far from these specialized regions of the sarcoplasmic membrane (Fig. 6 ). The next step in the formation of the synapse is that the bouton establishes contact with specialized regions of the muscle membrane (Fig . 8) •~35,000.
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formation of synaptic folds is very long. The active zones are observed on the axon terminal before the folds are completely formed. Sometimes the terminal boutons arrive near the non-specialized regions of the sarcoplasmic membrane but they fail to form junctions. Double innervation was never observed. Sometimes, one Schwann cell enveloping two terminal boutons approach the muscle, but only one bouton makes contact with it. The second bouton is on the other extreme of the Schwann cell.
The process of reinnervation is rapid, unlike after a short period of denervation, when it is gradual. In the earlier case, various stages of re-formation may be ob served between 2 1/2 months and 3 1/2 months, whereas after 4 months of dener. vation, in those cases where reinnervation has begun, all the end-plates are under going the process of re-formation. It is surprising to note that during the begin ning of the 5th month (twice operated), almost normal synapses were observed at some of the old end-plate sites, whereas it takes almost as much time to obtain such morphological aspects after a single operation.
After a single denervation operation, the reappearance of normal spontaneous electric activity is gradual. The proximal part of the muscle was positive for the experiments of 76, 91 and 106 days whereas a silence was observed in the distal part. On the contrary, for the reinnervation after long periods, the reappearance of the normal electric activity was abrupt and equal in the proximal as well as the distal part of the muscle. One of 4 experiments between 122 days and 132 days, in two we obtained 100% of the end-plates positive for spontaneous activity and in other two 50% were positive. The miniature potentials of a recently innervated muscle in both cases are charac terised by their slow time course (Fig. 9) . The distribution of their amplitudes is Gaussian like that of innervated muscle (Fig. 10) . Usually, their mean frequency Scale: 100 msec, 1mV.
V. Verma Cytologia 45 is 0.4/sec. i.e. like normal min. e. p. p. s. but at the level of certain end-plates they were observed in trains (Fig. 10) . In both cases of reinnervation, for certain fibres some particular aspects were served. Figure 11 shows one such example. One part of the histogram is Gaus sian with a mean value of 0.35mV, whereas in the other part the amplitudes show a skewed distribution (between 1mV and 3mV).
Discussion
Several authors have shown that in mammals after section of the motor nerve, the regenerating fibres establish contact with the muscle fibre at the former sites of end-plates (Gutmann and Young 1944 , Csillik and Savay 1959 , Miledi 1960 106 days after single operation. Some particular aspects observed at the level of certain end-plates in the same muscle as in Fig. 10 . One part of the histogram is Gaussian whereas the other part has skewed distribution. Scale: 100 msec, 1mV. Letinsky et al. 1976) . Our results on the denervated muscle of R . esculenta show that during the regeneration, the neuromuscular junctions are formed after 2 1/2 months at the old end-plate sites but after 4 months, the detachment and hence the flattening of pre-synaptic folds leave no evidence of the old end-plate sites . Thus, it is difficult to say if the synapses are formed at the former sites of the end-plates. Our results agree with that of Gutmann and Young (1944) on rabbit who point out that when the muscle is kept denervated for increasing periods , the proportion of former end-plates which become reinnervated is progressively reduced. The nerve fibre can make contact with sarcoplasm forming new end-plates. It has been shown by a number of authors that the post-synaptic specialization is dependent on the axon terminal during the formation of end-plates (Miledi 1962 , Couteaux 1963 , Guth 1969 , Koenig 1963 , 1973 . The present investigation, how ever, shows that sarcoplasmic membrane specialises before the nerve makes contact with it. It has been shown by Kelly and Zacks (1969) that during morphogenesis of the rat, focal electron opaque membrane specialization occurs when the muscle is still at the myotube stage. Lentz (1969) has shown in the differentiating muscle of regenerating newt limb that the muscle surface shows signs of specialization, before the nerve has formed contact with it, such as the formation and elevation of ridges and an increase in the density of cytoplasm immediately beneath the plasma mem brane. Lentz's results and our observations on newly formed neuromuscular junc tions permit us to suppose that there is a signal sent from the nerve to the muscle, which is responsible for the specialization on the muscle surface. It seems that such signaling also occurs in the case of reinnervation after short periods of dener vation where synapses are formed at old sites. The Schwann cell retracts itself from the post-synaptic membrane just before the nerve arrives. Such signaling could be compared to the nerve implantation experiments. A nerve, implanted on a normally innervated muscle does not form contact with the muscle fibre unless original innervation is abolished (Elseberg 1917 , Aitken 1950 , Jansen et al. 1973 , Korneliussen and Sommerchild 1976 . Like Miledi (1960) , we obtained histograms showing characteristics of dener vated as well as normal muscle during the beginning of reinnervation.
But the interpretation of these histograms given by Miledi, that at a stage during reinner vation both Schwann cell and regenerating nerve fibre make close contact with the muscle fibre and liberate ACh, is not applicable to our results. We have never ob served the presence of a Schwann cell and an axon side by side during reinner vation. One can imagine that, as in newly formed end-plates (Koenig and Pecot Dechavassine 1971) , the post-synaptic membrane has unequal receptivity of ACh liberation, or that the liberation cholinesterases is in variable amounts. In fact, the slow time course of min. e. p. p. s. shows that the cholinesterasic activity is still weak.
Summary
The mechanism of re-innervation depends on the period of denervation. After 2 1/2 months, when post-synaptic folds are intact but for the furrows, the reinner V. Verma Cytologia 45
vation takes place at the former synaptic sites . The Schwann cell which is present in contact with the post-synaptic membrane till that time is withdrawn at the moment of reinnervation and the terminal bouton establishes contact with it. After 4 months of denervation, the post-synaptic sites are not always intact; at places there is se questration and hence flattening of the folds. Thus, the reinnervation takes place, firstly, at old synaptic gutters where the synaptic sites are intact and secondly, by the formation of new neuromuscular junctions. The latter is marked by the speciali sation of the parts of muscular membrane before the nerve is in contact with it. The process of reinnervation is gradual after short durations and is rapid after long durations. Similarly, the reappearance of the electric activity is gradual after short and abrupt after long durations.
The miniature end-plate potentials (min. e. p. p. s.) in recently innervated muscle in both cases are characterised by their slow time course but normal in their frequency and distribution of the amplitudes. In case of some fibres, the min. e. p. p. s. had Gaussian as well as skewed amplitude distribution. This could be due to the unequal receptivity of the ACh or to the liberation of cholinesterases in variable amounts. The newly formed end-plates are capable of functionning before acquiring their normal morphological characters,
